Understanding the biocompatibility of nanoparticles in dental materials is essential for their safe usage in the oral cavity. In this study, we investigated whether nanoparticles deposited on orthodontic latex rubber bands are involved in the induction of cytotoxicity. A method of stretching to three times ("3L") the length of the latex rubber bands was employed to detach the particles using the original length ("L") for comparison. The cytotoxicity tests were performed on extracts with mouse fibroblasts (L929) and human gingival fibroblasts (HGFs). Fourier transform infrared spectroscopy, ion chromatography, elemental analysis, and inductively coupled plasma mass spectrometry (ICP-MS) were performed to detect the harmful components in the extracts from rubber bands. There was a significant decrease in the cell viability in the "L" samples compared with the "3L" samples ( < 0.05) in the L929 and HGF cells. This was due to the Ni single crystal nanoparticles (∼50nm) from the inner surface of "L" samples that were detached in the "3L" samples as well as the Zn ion (∼9 ppm) detected in the extract. This study revealed that the Ni nanoparticles, as well as Zn ions, were involved in the induction of cytotoxicity from the latex rubber bands.
Introduction
Nanomaterials offer significant promise for a variety of dental applications, including tooth scanning, the prevention of tooth decay, and as a component of the biomaterials used to enhance the mechanical and antiwear properties [1] [2] [3] . However, before these nanomaterials can become a clinical reality, the toxicity and biocompatibility of the nanoparticles must be carefully evaluated to reduce the adverse biological responses [4, 5] . Therefore, understanding the biocompatibility of the nanoparticles deposited on dental materials is essential for safe usage in the oral cavity.
Latex rubber bands are commonly used in orthodontic treatments to apply a certain force to the teeth, although latex-related disease has become a concern for those using the latex-containing products [6] [7] [8] . Sulfur and zinc oxide particles, used as preservatives, and nickel, used as an accelerator, have been shown to be cytotoxic [9] . However, the nanoparticles on latex rubber bands have not been recognized as a potential cytotoxic ingredient despite their deposition on the surface.
Numerous studies have been performed to evaluate the in vitro cytotoxicity of orthodontic elastic materials, including bands, separators, and ligatures [9] [10] [11] [12] [13] . Those reports have shown that latex elastomeric materials show cytotoxicity in vitro, typically using a cell viability test. However, discerning the biological side effects from the latex elastomeric materials in orthodontic patients has been difficult. According to more than 30 years of clinical experience, patients have only rarely suffered a harmful event caused by latex rubber bands used in a clinical application (e.g., oral lesion, gastric problem, and other local symptoms). In summary, the previous in vitro 2 Journal of Nanomaterials cytotoxicity tests did not appear to reflect the clinical results gathered by the careful observations of clinicians. This type of inconsistency between the clinical and in vitro results has been commonly observed in other studies [14] . Therefore, an effort to reveal the reason for the rare but harmful events from the dental materials in the human oral cavity due to the reported cytotoxicity in in vitro studies is required to decrease the inconsistency. In this study, the role of the nanoparticles deposited on the latex rubber bands in terms of cytotoxicity was elucidated to decrease the above inconsistency.
To evaluate the latex rubber bands, in vitro cytotoxicity tests were performed according to the ISO 21606 and ISO 10993-5 and 12 standards [15] [16] [17] . According to ISO 10993-12, the extraction conditions should attempt to simulate the clinical use conditions to determine the potential toxicological hazard without causing significant changes. However, to date, the in vitro cytotoxicity tests on latex rubber bands reported in the orthodontic literature have been performed without a serial dilution of the extracts and without any stretching or compressing of the materials [9, 11, 13, 18] , even though the latex rubber bands are used in contact with oral mucosa and saliva in a stretched state of up to three times their length ("3L") [17] . Moreover, mouse fibroblast (L929) cells have typically been used to evaluate the cytotoxicity of latex elastomeric materials, which are less reflective of the response of human oral cells against the harmful extracts from the latex rubber bands. Therefore, studies that mimic the manner in which the elastomeric materials are used in the oral cavity have been performed along with the reevaluation of the cytotoxicity of the dental materials in situations that mimic their clinical use [18] [19] [20] [21] [22] .
Hence, we investigated whether the nanoparticles deposited on orthodontic latex rubber bands are involved in inducing cytotoxicity. To compare the cytotoxicity induced by the nanoparticles, the latex rubber bands were stretched to three times ("3L") their original length, and the original length ("L") was used as the control group. The cytotoxicity tests were performed with mouse fibroblasts (L929) and human gingival fibroblasts (HGFs).
Materials and Methods

2.1.
Materials. Latex rubber bands from three different manufacturers were selected ( Table 1) . The "L" sample as is and the "3L" sample after being stretched using a rectangular titanium (Ti, Buehler, Lake Bluff, IL, USA) piece were prepared for immersion in extracting media and visualization by scanning electron microscopy (SEM). The Ti was cut to the original length or three times the length of the rubber band. When the "L" sample was incubated in the extracting media, an equal amount of titanium to that used in the "3L" sample was also immersed. All the materials were treated with ethylene oxide for sterilization and were exposed to air for 48 h to eliminate the remaining gas.
Tests on the Extracts and Cell Viability.
The tests on the extracts were performed according to ISO 10993-12 [16] . The extracts were prepared from the "3L" or "L" latex rubber bands in each well of standard 6-well plates (SPL, Pocheon, Korea) cells per well in standard 96-well plates (SPL, Korea) in 100 L of culture medium and incubated at 37 ∘ C. Following 24 h of cell culture, the monolayer was exposed to 100 L of extract or fresh medium (the control) for 24 h. The 100% extracts were serially diluted to 50%, 25%, 12.5%, and 6.25%. Each diluted extract was added to one well and incubated at 37 ∘ C under relatively humidified conditions. The WST solution (10 L) was added to each well, and the cells were incubated for 3 h to allow the formation of formazan crystals, which were measured at 450 nm with a microplate spectrophotometer (BioTek, Winooski, Vermont, USA). Six wells were used to test each condition, and the experiments were performed in triplicate.
Agar Diffusion Test.
The agar diffusion test was conducted based on the procedures described by ISO 10993-5 [15] . The L929 monolayer was overlaid with agar stained with a vital dye (neutral red), which allows diffusion of the leachable chemicals from the specimen. The "3L" and "L" samples and the positive (natural latex) and negative (high density polyethylene sheet) controls were positioned on the solidified agar layer. Prestretched rubber bands from the "3L" group and unstretched rubber bands from the "L" group were used for the direct agar diffusion test. After a 24 h incubation under the appropriate cell culture conditions, the biological reactivity (i.e., cellular degeneration and malformation) was rated on a scale of grade 0 (no reactivity) to grade 4 (severe reactivity) according to the zone extending from the specimen. The test was performed in triplicate.
Surface and Extract Characterization.
To visualize the surface texture of the elemental composition from the inner and outer morphology of the "L" and "3L" samples, SEM (FE SEM S-800, Hitachi, Japan) with energy dispersive spectroscopy (EDS, Oxford Instruments, UK) was used. The detailed structural properties of the detached nanoparticles were investigated by a high resolution transmission electron microscopy (HR-TEM, JEM 3010) with EDS at an accelerating voltage of 300 kV and selected area electron diffraction (SAED). Fourier transform infrared spectrometry (FT-IR, Vertex70, Bruker, Germany) with an attenuated total reflectance (ATR) was used to detect the harmful functional groups in the extracts from the "L" and "3L" samples. Each extracted solution was placed on the crystal surface of the ATR device and examined.
Ion Chromatography, Elemental Analysis, and Inductively
Coupled Plasma Mass Spectrometry. To measure the possible harmful ions of the extracts, the major anions (F, Cl, Br, NO 2 , NO 3 , PO 4 , and SO 4 ) were analyzed by ion chromatography (Dionex Model ICS-2000, USA). To evaluate the quantity of the elemental contents from the extract, the C, H, N, and S contents were measured with a 2400 Series II CHNS/O element analyzer (Perkin Elmer, USA). Inductively coupled plasma mass spectrometry (ICP-MS) was used to measure the harmful elements, such as Zn, Ni, Fe, Mg, and Cu, in the extracts of the "L" and "3L" samples. The evaluation was performed at least three times.
Statistics.
The statistical analyses comparing the "L" and "3L" samples were performed by the independent -test using the SPSS PASW 18.0 program (SPSS Inc., Chicago, IL, USA). The significance was set at < 0.05, 0.01, or 0.001, depending on the circumstance. Representative results or images are shown after the experiments were performed in at least triplicate.
Results
The results of the cell viability test following the exposure to the extracts of the "L" and "3L" latex rubber bands are shown in Figures 1 and 2 . In terms of cytotoxicity for the L929 cells, the Extream-(EX-) "3L" sample showed significantly lower cell viability compared with the EX-"L" sample when the L929 cells were exposed to the 50% extracts ( Figure 1(b) , < 0.01), and the cell viability of the 12.5% extracts of the Giant Panda-(GP-) "L" and Unitek-(UN-) "L" samples was significantly lower ( < 0.05) compared with that of the 12.5% extracts of the "3L" sample for each test group (Figure 1(c) ). When the "L" sample was used for the cytotoxicity test, the acceptable cell viability (more than 70%) of the extract was determined to be at a 6.25% dilution for all brands ( Figure  1(d) ). However, when the "3L" sample was used, the 12.5% dilution achieved the acceptable viability level (Figure 1(c) ). When the HGFs were used for the cytotoxicity test, the three brands showed significant differences between the "L" and "3L" samples ( Figure 2(b) ) for the 25% extracts.
The agar diffusion test was performed to confirm the difference in the cytotoxicity. Overall, the GP, UN, and EX rubber bands had moderate cytotoxicity (score 3), displaying a zone extending up to 1.0 cm around the specimen boundary ( Figure 3 ). However, the EX group had a relatively smaller cell lysis zone compared with the GP and UN groups.
The FT-IR results indicated increased IR-transmittance at 1020 (C-O stretch), 2850, and 2917 cm −1 (C-H stretch) compared with the DMEM culture media control group ( Figure 4 ). According to the SEM images in Figures 5 and 6 , when the latex rubber bands are stretched to the "3L" position, the numbers of micro-and nanoparticles deposited on the inner surface compared were reduced with the "L" samples. However, on the outer surface, there were no particles, and the crevice was only detected in the "3L" configuration ( Figure 5 ). C, O, S, and other elements were detected in the micro-(right headed white arrow) and nano-(left headed white arrow with a rectangle) particles in Figure 6 . The clearing of Ni was shown for the nanoparticles in the "3L" configuration but not in the "L" configuration; in contrast, no significant change in the other elements was observed ( Figure 6 (a) versus Figure 6 (b)). The SEM images under low magnification showed that the adherent particles and the powder in the "L" group were significantly attached compared with those in the "3L" group ( Figure 7 (a) versus 7(d), 7(b) versus 7(e) and 7(c) versus 7(f)). The EDS mapping analysis showed that the inner surface of all the "L" samples contained Ni nanoparticles but that none of the "3L" samples contained Ni (Figures 7(g) , 7(h), and 7(i); the Ni element in "3L" was not shown due to its absence). The detached Ni nanoparticles from the GP group, with sizes of ∼50 nm, are representatively shown in the TEM images in Figure 8 [24, 25] . However, the Ni ions in the extracts were undetected in the "L" and "3L" groups of all of the products, indicating that the detached Ni nanoparticles were not ionized in the media and, consequently, could not be detected by ICP-MS ( Table 2 ). The ICP-MS results only indicated that the "3L" and "L" extracts showed an increased concentration of Zn ions compared with the control media and that the "3L" extract showed a smaller concentration of Zn ions, a component of latex rubber preservatives, compared with the "L" extract ( Table 2 ). The results of the ion chromatography and elemental analyses did not show a significant difference among the experimental groups, except for the sulfate and fluoride contents between the U-L and U-3L groups (Tables 3 and 4 , > 0.05).
Discussion
Increased concern about the toxicity of nanoparticles has occurred in dentistry due to their dental application, which encompasses the powders for scanning the oral anatomy, including tooth and gingiva, the ingredients of the preventive restorative materials used against tooth decay, and the supplemental nanoparticles (e.g., amorphous silicon dioxide and ground glass particle) in the filling materials [26] . In addition to the above intended purposes, nanoparticles were unintentionally found in other dental materials or during the grinding and polishing processes for the filling materials [27, 28] . The presence of nanoparticles in these dental materials has raised concern regarding whether these dental material nanoparticles could be released and cause adverse health risks to humans. In this study, a conventionally used elastomeric orthodontic material, latex rubber bands, was used to evaluate the cytotoxicity induced by the deposited nanoparticles.
Latex rubber bands are widely used in orthodontic treatments and are considered medical devices in the mouth; thus, they require a series of safety evaluations for use in patients. Using in vitro tests, the cytotoxicity of latex rubber bands has been revealed in many studies [9, 10] . However, latex rubber bands have been safely used in patients without an allergy to latex, which was explained due to the dilution effect from the saliva in the oral cavity during their use. In this study, nanoparticles were found on the inner surface of the latex rubber bands, and those nanoparticles were considered to be a potential inducer of cytotoxicity. Therefore, the purpose of this experiment was not to rank or reevaluate the cytotoxicity of latex rubber bands but to identify the nanoparticleinduced cytotoxicity by comparison of the cytotoxicity results associated with stretched latex rubber bands, which cause detachment of the deposited nanoparticles from the latex rubber bands.
Previously, the cytotoxicity tests for orthodontic elastic materials have used different diluted extracts of nonstretched materials, which does not appear to consider the presence of nanoparticles on the orthodontic latex rubber band [9] [10] [11] [12] . In this study, latex rubber bands that were stretched to three times their length ("3L") were used to detach the deposited particles and showed a significantly decreased cytotoxicity compared with the nonstretched materials ("L") under the specific diluted conditions in L929 cells and in HGFs (Figures  1 and 2) . However, in the direct agar diffusion test, the "L" and "3L" groups showed moderate cytotoxicity (Figure 3) , with Concentration of the "L" and "3L" samples from the GP, UN, and EX extracts.
a cell lysis zone extending from the specimen up to 1 cm. According to ISO 10993-12, natural rubber latex was used for the positive control [16] . Therefore, the "3L" and "L" groups had moderate cytotoxicity due to their strong cytotoxicity. The E group had a reduced cell lysis zone compared with the GP and UN groups, which showed similar results from the cytotoxicity test to those of the L929 cells and HGFs. To explain the difference in the viability between the "L" and "3L" groups, the following assumption was made. Cytotoxic particles may rapidly detach from the latex rubber Figure 3 : Agar diffusion test. The latex sheet from the latex glove (positive control), the high density polyethylene sheet (negative control), and "L" and "3L" of (a) GP, (b) UN, and (c) EX were located in predetermined positions. A zone extending up to 1.0 cm around the specimen boundary was detected in all rubber band groups. Representative images are shown after the experiments were performed in triplicate. Concentration of the "L" and "3L" samples from the GP, UN, and EX extracts. * < 0.05 compared with the control and 3L sample in each product.
band surface to the air when the bands are stretched up to three times because the length increased outside of the extracting media, whereas the attached cytotoxic particles of the "L" group, which may have an increased amount of attached harmful materials, may be released more from the latex rubber bands when incubated as "L" without stretching.
To reveal the potentially harmful components and show the cytotoxicity difference between the "L" and "3L" extracts, FT-IR measurements were initially used to characterize the extracts. Previous studies have suggested that the cytotoxicity of elastic bands may be due to preservatives, such as zinc oxide and sulfur (S), and due to the presence of an activator, including nickel compounds and hydroquinone, which are known cytotoxic substances [29] . In this study, the FT-IR transmittance measurements with the ATR device were performed to detect the presence of harmful components from the extracts of the "3L" and "L" groups. The FT-IR results indicated that opaque minerals (native metal, nickel, zinc, or a metallic oxide mineral) might be present (see Figure 4 , 1020, 2850, and 2917 cm −1 ) [30] without any significant difference between the "L" and "3L" groups, which was considered due to the limitation of the reflectance mode of FT-IR when ATR and the media extract were used for the evaluation [31] .
To determine the presence of a cytotoxic inducer, the inner and outer surfaces of the latex rubber bands were investigated using SEM images with EDS elemental analysis of the "L" and "3L" groups. On the outer surface, Zn was detected as the major cytotoxic inducer in the latex rubber bands in all the products (data not shown). The Zn ion could be extracted from ZnO, a preservative used in latex rubber bands, and has been considered as a key factor in the induction of cytotoxicity [9, 11] . In accordance with previous studies, the results of the ICP-MS showed that the Zn ion increased in all the extract groups compared with the control culture media, which indicated that the latex bands stored under wet conditions may elute the cytotoxic cation, as found in other studies that evaluated in vitro cytotoxicity [32] . The concentration of the Zn ion (∼9 ppm) from the extracts was higher than the initiating cytotoxicity level (5 ppm), indicating that the Zn ion was one of the key inducers of cytotoxicity [33] . However, other possible inducers were not excluded due to the severe cytotoxicity of the latex rubber bands. The Zn ion was detected at a lower concentration in the "3L" extracts than in the "L" extracts of the P and E groups, which suggested a detachment of the other deposited components. Therefore, other components from the latex rubber bands could be considered as cytotoxic inducers.
Journal of Nanomaterials On the inner surface, many detachable particles were observed, and the "L" group had more attached particles than the "3L" group for all the products (Figures 5 and 6 ). The clearing of Ni nanoparticles was only detected in the "3L" group but not in the "L" group for all the products according to the EDS results, whereas sulfur (S), one of the possible cytotoxic ingredients, was detected at the same level ( Figure  6 ). Ion chromatography and elemental analysis were used to additionally detect any differences in the sulfate and sulfide contents among the "L" group, "3L" group, and culture media because researchers have mentioned that sulfur-related materials may be potentially cytotoxic [6, 29] . Unfortunately, no difference was detected (Tables 3 and 4 ). The clearing of the Ni single crystal nanoparticles from the inner surface of the latex rubber bands was supported by the EDS mapping results in Figure 7 and the TEM images with the SEAM pattern in Figure 8 . However, the Ni ion was not detected by ICP-MS in the control and experimental groups due to its low ionization in extracting media. The cytotoxicity of the Ni nanoparticles was more severe than that of the Ni oxide nanoparticles, which induced cytotoxicity from 400 ppm [34] compared with the low concentration (∼2 ppm) of the Ni nanoparticles [35, 36] . There has been concern that the unique characteristics of the nanomaterials themselves induce undesirable effects despite the absence of heavy metals in the nanomaterials. However, the concentration above the cytotoxicity-inducing level was determined to be more than a few hundred ppm, which is significantly higher than the concentration of the extract from the latex rubber bands [37] . Thus, the "3L" extracts would show a lower cytotoxicity due to the clearing of the highly toxic Ni nanoparticles along with the decrease in the extracted toxic Zn ions [38] .
Ni nanoparticles are included in the vulcanizing processing of latex rubber bands. Uncured natural latex rubber deforms easily under warm conditions and is brittle when cold, which makes it a poor material when a high level of elasticity is required. Vulcanization of the latex rubber, the chemical process to convert the natural rubber into a more durable material via the addition of sulfur, results in crosslinking via the disulfide bonds among the natural rubbers, which prevents the long polymer chains in the rubber from moving independently and consequently increases the elasticity [39] . During vulcanization, activators are essential ingredients, which reduce the curing time by increasing the rate of vulcanization. The common activators used are nickel compounds, zinc oxide, hydroquinone, phenol, alphanaphthylamine, and P-phenylenediamine, which have been considered to be cytotoxic inducers [40] . In addition to the cytotoxicity of the activator, these compounds have been widely used in other latex materials [41, 42] . Therefore, the deposited Ni nanoparticles are an inevitable phenomenon in the process of vulcanization of latex rubber.
Latex rubber bands are widely used in clinical applications, although they showed cytotoxicity in in vitro tests. The in vitro cytotoxicity may be attenuated when the latex rubber bands are used in vivo due to the dynamic saliva circulation compared with the static test conditions of the in vitro tests. Furthermore, according to the results of this study, the stretching motion of the latex rubber bands outside or within the mouth aids in the rapid detachment of the cytotoxic materials, decreasing the release of the cytotoxic element to the oral mucosa. The results of the cytotoxicity test depend on the cell type used in the experiment [43] . Although human oral epithelial cells, components of the outer layer in the oral mucosa, might have been a better choice to mimic the harmful effect on the oral mucosa, the cytotoxicity results of the mouse L929 cells and HGFs, inner components of the oral mucosa, provided insight into the cytotoxic effect of the latex rubber bands due to their vulnerability to the cytotoxic inducer [44] .
Stretching of the latex rubber bands caused a decrease in the cytotoxicity, which appears to be more relevant to the clinical outcome in which it is relatively a less harmful event to the patients due to the detachment of ZnO and the Ni nanoparticles when using the latex rubber bands in an orthodontic treatment. Previously, the cytotoxic effect of the deposited particles covering latex elastics has been questioned [18] . According to this study, the ZnO and Ni nanoparticles covering the latex rubber bands could be cytotoxic inducers in the latex rubber bands. The presented results supported the assumption that cytotoxic Ni nanoparticles on the latex rubber bands may rapidly detach from the inner surface to the air when the bands are stretched up to three times their length, contributing to the safe usage of the latex rubber bands in orthodontic treatments, regardless of the in vitro cytotoxicity.
Conclusions
The "3L" group showed a different cytotoxicity in the L929 and HGF cells compared with the "L" group due to the Figure 5 : SEM images of the "L" and "3L" rubber band inner and outer surfaces. The deposited particles of the "L" group were reduced in the "3L" group on the inner surface. However, on the outer surface, there were few attached particles in both the "L" and "3L" groups compared with the inner surface, and a crevice was detected in the "3L" group. Representative images were shown after the experiments were performed in triplicate. Figure 6 : SEM images and elemental analysis using EDS from the (a) "L" and (b) "3L" rubber band inner surface. The left headed white arrow and the right headed arrow with a rectangle indicate the microsized particles and the nanosized particles, respectively. A decrease in the microsized particles (∼30 m) and a disappearance of the nickel nanosize particles (∼50 nm) were observed in the Inner-3L. Representative images were shown after the experiments were performed in triplicate.
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Journal of Nanomaterials , and (c)) and "3L" ((d), (e), and (f)) rubber band inner surfaces. A decrease in the attached particles was observed in the "3L" group. The colored dots on the "Inner-L-Ni" ((g), (h), and (i)) show the presence of nickel nanoparticles on the "L". However, nickel nanoparticles on the "3L" were not detected (images cannot be obtained). Representative images were shown after the experiments were performed in triplicate.
detachment of the ZnO preservative and the Ni nanoparticles, which are inevitably used in the vulcanization process of the latex rubber. These results appear to be relevant to the safe usage of the latex rubber bands in orthodontic treatments due to the detachment of the harmful particles. The stretching procedure prior to the use of latex rubber bands in orthodontic treatments could be the process during which the potential nanoparticles detach from the surface.
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